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APPENDIX VI

Semantic Factoring, Code Construction and Relationships Between Terms

If the index entry "mosquito" is used——together with other terms,
of course-~to specify the subject matter of a document, 1ts recall is
also in order when conducting a search whose scope is defined with the
aid of the term "insect". The same will be true of a search defined
with the aid of the less generic term "diptera", one of the orders of
insects.,

The generic terms become available for conducting searching, if
the term "mosquito" and related generic terms are represented by the
following sets of letters which are recorded as patterns, e.g., of
holes in cards., Examples illustrating how this might be done are
gilven below:~-

Animals {Kingdom) Z0
Insects (Class) ZOKO
Diptera (Order) ZOKODI
Culicidae (Family) 40KODICU
Mosquitoes (Common Usage) Z0KODICU 34
Animals (Kindom) Z0
Insects (Class) 40KQ
Diptera (Order) ZOKODI
Cecidomyildas (Fanily) ZOKODICE
Phyt ophage. (Genus) ) §0KQDIGEFU
Phytophage destructor (Species o
ytopn S1y P §  ZOKOUICEFUDE
Animals (Kingdom) 20
Insects (Class) 40KO
Coleoptera (Order) " ZOLOCA
Chrysomelidae (Family) 40KOCACO. -
Diabrotica (Genus) ZOKQCACODI

Diebrotice undecimpunctata (Species)
"gpotted cucumber beetle"
"southern corn rootworm"

%0KOCACODITY

N Nt? A

If this type of code is adopted, then encoding a given insect, e.g.,
the Hessian fly, makes available, for conduching machine searching
operations, symbols that indicete that insects genus, family, and
order, as well as that is in the class of ingects of the animal king-
dom. For intelligence purposes, it iway not be usctul and advantageous
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to indicate all or even most of this full gamut of generic relation-

ships, Intelligence experte concerned with insects might docide that
abillity to sesrch for orders or families of insects would not be use-—
ful and important, Furthermore, it may turn ont that searching opera~
tions are not facilitated or expedited by counstructing the code so
that all insects are indicated as being in the animal kingdom, It
might, in fact, prove to make a corresponding simplification in the
ahove codes for insects.

Insects (Class) KO0
Diabrotice (Cenus) KODI
Disbrotica undecimpunetate (Species) )
 "gpotted cucumber beotle" ) KODITU
"southern corn rootworm" )
Insects (Class) ¥o
Mosquitoes (Common Usage) KOCU 34
Insects (Class) KO |
Phytophagr (Genus) ( I)somi
Phytophega destructor (Species) )
Hessian fly . ) KOFUDE

Thesc examples may serve to meke the point that the relationship
of species to genera to fanily to ordur to class to kingdom may (or
in part may not) prove useful as 2 basis for code construction, Other
rclationships may also prove impertenat. One of the simplest 1s that
of the whole to its parts, 4n important exarple is the coding of geo~
graphical arees snd plece names, 4 simple code for the New England
states might be worked out as follows:

United Stetes cof fmerica Us
Few England USNE
Maine _ _ USNEIR
Vernont USHEVT
New Hanpshire USNENH
Magsachusetts USHEMA
khode Island USHERI
Connecticut ‘ USNECT

if the above indicates symbols #re used, then the act of encoding any
cne of thess six states, mekes both the code for New England (USHE)

and for United States of Americe (US) aveilable as a reference point
for defining and conducting a search, It should also be noted that

it would be easy for the scenning operation to distinguish between

USKWE standing alone and in combinstions such as USNEMA, just as scan-
ning by machine would be able to distinguish, for exsmple, between " cat"
&s = separate word and the s=me thrse letters as fonnd in Ycatalog",
"scatter" or similar words,
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It is apparent, of course, that such coding of whole-part relation-
ship may not prove sufficient for certein purposes., The codes given
above do not provide a means for discriminating between the states
as to such characteristic features as industrial development or
status as one of the original 13 English colonies. In our simple
example, we might attach additional symbols to indicate these feat-~
ures of the New lngland States, In this case some of the codes
would be further extended as indicated below:

United States of Americs Us

New Bngland USHE
Maine USNEME

. Vermont USHEVT
New Hampshire USNENH, OR
Magsachusetts USNEMA, OR, IN
Rhode Island USNERI,OR,IN
Connecticut USNECT,OR, IN

where OR designates one of the thirteen original colonies and IN
designates a high degree of industrialization.

In conducting a machine search it will be possible with the

new IBM equipment to set up the Plug board of the searching machine so
that a combination of symbols within a single code are detected, Thus
it would be possible to direct the machine to select information relat-
ing to all New England states whose code indicates advances industrial-
ization. This would require searching for the combination USNE and IN,
If similar codes are worked out for other states in the Union, it would
be possible to direct a search to a combination US and IN and select

out those items 1n which one of the highly industrialized states of
the union constituted an index entry.

It is important to note in this connection that the desired com~
bination of symbols, e.g,, USNE and IN, must be found in the code for
a single state. If one element of the combination, say USHE picked
up in the code for one state were permitted to interact with the
other element namely, IN, in the code for some state outside New
EBngland, the door would be opened to the possibility of a false selecte
ion, To avoid this the code for each gtate~~or, in general, for each
separately coded concept--must begin with a distinctive mark whose
detection by the machine will prevent false interactions by resetting
those comparator units which have responded to one or more code ele-

ments without finding the desired combination within e single code as
exemplified by USHENH, OR,

From what has been said, it is perhaps apparent that the purpose of
code construction is to render machine searching more offective and
efficient, This is accomplished by incorporating in the code general
terms such as "industrial® or "original English colony® soc they can be
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used as reference pointe for defining and conducting a search by
automatic equipment, It should be noted in this connection that

2 large measure of simplification in a coding scheme can be achieved
if no important advantage is lost by disregarding certein distinct-
ions which, though perfectly velid from a factual or logical view~
point, would not be advantageous in imparting needed discriminating
power to the machine searching syetem. If, for example, in dealing
with the New BEngland states we are never concerned with an individ-
ual state as such but rather with the region as a whole we might
decide to employ the code USNE,Ok,IN for the region as well as for
any regional subdivision, such as one of the states, Furthermore,
inclusion of the symbols OR and IN in the code for New England would
depend on whether the aspects so indicated are sufficlently important
reference points for conducting selecting operations by machine. if,
for example, the historical status of some of the New Fngland states
as original English colonies is unlikely to be of interest, then the
corresponding symbols ~ namely OR -~ should be omitted from our codes
for the reglon and its individual states,

This discussion of industrisl states illustrates another poiat
in connection with code cnnstruction, namely, that certain charact-
eristics are more rcadily and easily determined than others. No
doubt attaches to which of the New England states were among the
13 original colonies. With certain states such as West Virginia an
arbitrary decision might be required as to whether this state is to
be regarded as highly industrialized. Other things being equal, it
is advisable to incorporate in the codes those semantic fectors which
involve a minimum of arbitrarinecss in establishing codes.,

Enough has been said perhaps to indicate that the effectivencss
of a mechine indexing system can be greatly increased by devoting
care to establishing the most effective possidle code for the term-
inology used for indexing purposes, It is impossible to over—empha-
size the importance of simplicity as a dcsirsble slement in the final
ccede, In striving to echieve maximum effectiveness in the aimplest
possible fashion, one of the most important problems in code const-
ruction is the selection of general terms to build into the code.

In our example such general terms were "United States of Americe®,
"New &ngland", "industrial®, and "status as one of the 13 original
English colonies"., This type of general term has come to be spcken
of fer convenience as a "semantic factor',

During the past year, we have dovoted much time to semantically
factoring a wide range of scientific and technical terminology to
develop a machine indexing system oppropriste to the requirements of
0SI, in particular, and of the Agency, in gerersl, Before discussing
how we went about this, it is well to consider how the semantic fact-
oring technique, whea applied to indexing terminoloegy, ties in with
the analysis and indexing of docwsents, on the one hend, and certain
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machine operations, on the other hand,

To keep the codes for indexing terminology as simple as posg-
ible only those semantic factors advantageous as reference points
for defining and directing searchas should be bullt into the codes
for specific terms. The fact that a given semantic factor may be
validly related to a given term does not mean that the factor should
be so set up in the code, 1In fact, care must be exerted to avoid
including disadvantageous semantic factors. Consider, for example,
the chemical substance, ammonium nitrate, which is used for a variety
of purposes, Among these are its use as a fertllizer, as a high
explosive, and as a laboratory reagent all of which might be indicat-~
ed in the code for that substance, IFrom a logical point of view
it would be valid to set up the code for ammonium nitrate so as %o
include "explosive", "fertilizer" and "reagent" as semsntic factors,
If this were done, a search directed to code symbole for "explosive"
would result in the machine selecting all documents for which ammon-
ium nitrate is an index entry even though no mention is made of
ammonium nitrate as an explosive., A 1ittle reflection will reveal
that these additional documents will be troublesome to the extent
that the file contains numerous documents dealing with ammonium
nitrate but not for explosive purposes, One point i1llustrated by
this example is the fact that the rangs of subject matter of the
documents to be indexed may well have an influence on decisions that
are made during code construction, If, for example, a document coll-
ection is restricted to bPapers on explosives, then it may be advant-

ageous to include the semantic factor "explosive" in the code for
ammonium nitrate,

Cur ammonium nitrate example can also serve to illustrate an-
other important principle im designing codes, and in establishing
policy for conducting indexing operations.

Let us imagine that we have before us a document in which
ammonium nitrate is mentioned, If ammonium nitrate is mentioned,
something will be sald about it. Perhaps its physical constants
will be listed or the fact that it is being manufactured in a:
cortain plant at a certain place will be stated or 1ts use for one
of several purposes will be discussed or described. In any case,
if ammonium nitrate is mentioned in a significant fashion, something
else must be said about it and consequently there will exist a basis
for appropriately qualifying an entry pertaining to ammonium nitrate,
This qualification, for example as to its use ss a high explosive,

18 better made at the time of indexing & dooument them at the time

of asslgning a code to aumonjum nitrate, Such qualification may be
accompiished in one of several ways., In the simplest case, the doc~
unent may refer,:for exampls, to the use of emmonium nitrate as an
explosive which latter term is also used as an index entry. Or index~-
ing the document mey result in both ammonium nitrate and also some
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other term, e.g, "torpedo", which has "explosive" as a senmantic
factor, beoing used as index entries, The chances that a reasonable
amount of indexing will rcsult in the use aspect of a given sub-
§tance being made available as a reference point for machine search-
1ng are——or can be meda~—~go good, that it secms advisable to omit
the sewantic factor "explosive" from the code for "ammonium nitrate",

Another problem of code construction involves terms whose wean~
ings vary with the context, Anp example is "low temperature", This
term refers to widely differcnt tempersture ranges when used to refer
t¢ carbonizstion of coal, to the weather cr to rescerch involving
liquid helium, The problen of terminology of variable meaning 1is
much less formidable than night appear the case at first glance as
assoclation of a term such as "low tenperature" with other termin~
ology such as "coal" and "earbonization" tends to accomplish a large
neasure of definition sutomatically,

The procedures followed in mass vroduction processing of terms
;;d in their semantic factoring are described in detail in Appendix
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